Objective. Individuals with diabetes have been found to be at increased risk of nontraumatic fracture. However, within the diabetic population, how to distinguish who is at the highest risk and warranting therapy has remained elusive. Design. Cross-sectional analysis of a national population-based cohort study. Patients. Men and women over the age of 50 with diabetes from across Canada. Measurements. Logistic regression analysis to identify diabetes specific factors associated with a history of one or more nontraumatic fractures. Results. Six hundred and six individuals with diabetes with a mean age of 69 years were examined. Thirty percent had a history of non-traumatic fracture. Macrovascular diseases in the form of stroke or TIA, as well as hypertension, were found to be independently associated with fragility fracture. Other, more traditional, clinical risk factors were also associated with fracture, including increased age, female gender, rheumatoid arthritis, family history of osteoporosis, and decreased bone mineral density. Conclusions. In this cohort of Canadians with diabetes, those with rheumatoid arthritis, a family history of osteoporosis, female gender, increased age, decreased BMD, cerebrovascular disease, or hypertension were more likely to have had a non-traumatic fracture. These risk factors may be important to clinicians when identifying which of their diabetic patients are at highest risk of fracture and in need of preventative therapies.
Introduction
Multiple studies have identified individuals with diabetes as being at increased risk of nontraumatic (fragility) fracture [1, 2] . This is a growing concern as the rates of both diabetes and osteoporosis continue to increase in society [3, 4] . In Canada, over 9 million people are living with diabetes or prediabetes, and the number is expected to rise to pandemic levels by 2030 when the global incidence of the disease is predicted to hit 438 million [4, 5] . Osteoporosis, defined as a t-score of <−2.5, is also common within the Canadian population with 21% of Canadian women and 5% of Canadian men over the age of 50 being affected [6] .
Many physicians use bone mineral density (BMD) in addition to fracture to diagnose osteoporosis and to identify individuals in need of therapy for prevention of osteoporotic fractures. In the diabetic population this is a problem. Although type 1 diabetes is often associated with decreased BMD values, those with type 2 diabetes usually have normal or higher than expected BMD values [2] . Similarly, although BMD value is an important risk factor for fragility fracture in the general population, BMD alone does not accurately predict all nontraumatic fractures [7] . In fact, most osteoporotic fractures occur in individuals with BMD values above the osteoporotic range [8] . This understanding has led to a change in focus in recent years, from BMD scores alone to the use of fracture prediction tools to more accurately identify individuals in need of interventions to prevent fragility fractures. The most recent Osteoporosis Canada guidelines, published in November 2010, suggest tailoring osteoporosis therapy to individuals with elevated fracture risk identified with fracture prediction tools [9] . Although this approach accurately identifies individuals in need of osteoporosis therapies in the general population, it may not be ideal for those with diabetes. The WHO fracture risk assessment tool (FRAX), a commonly used fracture prediction tool, has been found to underestimate fracture risk in the diabetic population [10] .
Diabetes has not been found to alter the predictive power of traditional clinical risk factors for fracture [11] ; however, the additional risk incurred by diabetes is not being captured by current prediction tools [10] . As such, physicians treating large populations of diabetic patients are left wondering how to differentiate which of these patients is truly at the greatest risk of fracture and warranting preventative therapy.
We investigated a large population-based cohort, the Canadian Multicenter Osteoporosis study, to explore the diabetic population in order to identify diabetes-specific clinical risk factors associated with a history of fragility fracture.
Methods
The Canadian Multicentre Osteoporosis Study (CaMos) is an on-going population-based cohort study looking at osteoporosis and fracture risk in community dwelling Canadians. Baseline questionnaires were completed in 1995-1997. The institutional review boards of all sites participating in CaMos approved the study and informed consent was obtained from all participants. The study has been described in detail elsewhere [12] , but areas relevant to this study are summarized below. For this analysis, all women and men with diabetes, aged 50 years or older, were included.
Study Participants.
Participants were recruited from within 50-kilometers of one of 9 study centers across Canada (St. John's, Halifax, Quebec City, Toronto, Hamilton, Kingston, Saskatoon, Calgary, and Vancouver). 9,423 individuals (6,539 females and 2,884 males) aged 25 years and older, representing an age-stratified-, sex-, and region-specific sample, were identified from lists of random telephone numbers over an 18-month period.
Data Collection.
A detailed interviewer-administered questionnaire was performed at baseline, which also captured diabetes status. BMD testing was performed, and all participant medications were documented in detail.
Bone Mineral Density and
Fractures. BMD of the hip and lumbar spine (L1-L4) was measured by dual-energy X-ray absorptiometry (DXA) using Hologic QDR 1000, 2000, 4500 or Lunar DPX machines. Densitometers were calibrated daily, and quality assurance was performed following a standard daily and weekly schedule. Cross-calibration of the machines was performed at the nine centers using a European Spine Phantom. BMD results for lumbar spine and femoral neck from all densitometers were converted to a Hologic base using All CaMos participants n = 9423
Excluded, age <50 years n = 1670
Participants ≥50 years n = 7753
Participants without diabetes n = 7147
Participants with diabetes n = 606
Insulin-dependent Diabetes n = 98
Noninsulin-dependent Diabetes n = 508 the method of Genant [13] . All clinically recognized nontraumatic fractures, obtained by self-report, were included in the analysis (hip fractures, clinical vertebral fractures, and nonvertebral fractures). Any fracture associated with trauma or described as a fall from more than standing height was excluded.
Statistics.
The analysis was restricted to CaMos participants ≥50 years who have diabetes. Age was divided into 10-year categories (50-59, 60-69, 70-79, and 80-89). Age 50-59 was used as the reference category in the analyses. Baseline characteristics were described using mean ± standard deviation. The diabetic subgroup of the CaMos population was examined using a logistic regression model to identify diabetes-specific risk factors for previous nontraumatic fracture. Micro-and macrovascular complications of diabetes have been proposed in the past as possible causes of the increased fracture risk in diabetics [14] [15] [16] ; therefore these were examined. Variables in the analysis included kidney disease (microvascular disease), macrovascular disease including history of myocardial infarction, stroke, or transient ischemic attack (TIA) hypertension, gender, age, femoral neck t-score, rheumatoid arthritis, and family history of osteoporosis. The results are reported as odds ratio (OR), corresponding 95% confidence interval (CI) and associated value. The criterion for statistical significance was set at alpha = 0.05. Multiple imputation was performed for missing data in order to assess the robustness of the model [17] . The results of the model before and after multiple imputation are reported. All calculations were performed using IBM SPSS version 19 (Ireland).
Results
Of the 7753 CaMos participants over age 50, 606 were identified as having diabetes. Ninety-eight of the individuals with diabetes were on insulin and 508 were not ( Figure 1 ). Characteristics of the baseline CaMos population used in this Table 2) . Family history of osteoporosis, age greater than 70 years, rheumatoid arthritis, and low femoral neck t-score were also more likely to be found in the group of diabetics that had a history of fracture. After multiple imputation for missing data, the number of diabetics included in the analysis increased significantly. History of cerebrovascular disease (in the form of a stroke or TIA) was still found to be associated with fracture amongst diabetics (OR: 1.51; 95% CI 1.20, 1.91; = 0.001) but hypertension was also identified as being associated with fracture amongst diabetics (OR: 1.16; 95% CI 1.04, 1.29; = 0.010). An interaction term for stroke and hypertension was not significant. Other risk factors found to be important within the diabetic population were rheumatoid arthritis, family history of osteoporosis, older age, female gender, and BMD. Duration of diabetes was not significant when added as a variable.
Discussion
We found an association between cerebrovascular disease and hypertension and a history of nontraumatic fracture in Canadian diabetics. In addition to these, we also reaffirmed some traditional osteoporosis clinical risk factors (age, BMD, family history of osteoporosis, and rheumatoid arthritis) in a Canadian diabetic population.
Traditional fracture risk factors, such as those used in FRAX, have been studied only to a limited degree within the diabetic population. Significant differences in fracture 4 ISRN Epidemiology pathophysiology exist between diabetic and nondiabetic populations [18, 19] , and therefore it cannot be assumed that fracture risk associated with traditional risk factors can be extrapolated to the diabetic population. To our knowledge, there are currently just two studies examining traditional clinical fracture risk factors in individuals with diabetes [11, 20] . The first study identified age, BMI, prior fracture, secondary osteoporosis, and corticosteroid use to be associated with increased fracture risk in type 2 diabetics in Rochester Minnesota. The second study looked at women with diabetes in Manitoba Canada and identified prior fracture, age, BMI, and BMD as important. Our study expands the list of traditional risk factors to include rheumatoid arthritis and family history of osteoporosis as risk factors within the diabetic population that are associated with increased risk of nontraumatic fracture.
We further examined diabetes-specific risk factors and found diabetics with cerebrovascular disease or hypertension to be at increased risk of nontraumatic fracture. Cerebrovascular disease (stroke, TIA) is known to be associated with fragility fractures in the general population [21] . Immobilization and vitamin D deficiency often lead to decreased BMD in these individuals [22] , and residual problems with balance and dizziness predispose them to falls [23] . To our knowledge, the only study to-date finding stroke as a risk factor for fracture specifically in the diabetic population is an Ontario-based study which found increased hip fracture risk in type 2 diabetics with a history of previous stroke [14] . Our study expands stroke as a risk factor in diabetics for any nontraumatic fracture, not just hip. Hypertension is not widely recognized as a fracture risk factor. However, recent studies have identified an association between high blood pressure and bone fragility. A population-based study from Denmark found increased fracture risk (in a nondiabetic population) following a diagnosis of hypertension [24] . This increased risk was found to be independent of stroke or myocardial infarction and independent of drug effects. In other studies, multiple different hypertension medications have been found to decrease fracture risk, supporting a link between blood pressure elevation and risk of fracture [25] . However, increased risk of hip fracture in elderly patients immediately after initiating antihypertensive medications has also been reported, likely secondary to increased falls [26] . There have also been studies showing an association between hypertension and the surrogate outcome of increased BMD loss [27] . This association may be mediated by increased urinary calcium losses in hypertensive individuals [28, 29] . Our study adds important information to the literature, arming clinicians with the knowledge that previous stroke/TIA and hypertension further increase the risk of fracture in diabetic patients. This knowledge can be an important tool to help practitioners differentiate risk in their diabetic patients and hence appropriately focus preventative strategies.
There are several previous studies focusing on factors specific to diabetes, rather than traditional clinical risk factors for fracture, but results have been variable. Increased BMI and centripetal obesity, which are commonly seen in type 2 diabetes, have been found in some studies to have a protective effect, increasing BMD and decreasing the risk of fracture [30, 31] . Risk of fracture has been found to increase with the duration of diabetes [32] , possibly due to the increased incidence of micro-and macrovascular complications that occur with time. These complications include retinopathy, neuropathy, peripheral vascular disease, stroke, and myocardial infarction, all of which have been linked to increased fracture risk [14] [15] [16] . It is possible that the associations between these diabetic complications and fracture risk are mediated by an increased fall risk seen in severe disease [15] . Hyperglycemia has been found in multiple studies to be associated with increased fracture risk [16, 18] . Insulin use has also been associated with increased fracture risk in some studies [16] , possibly representing a marker of more severe, long-standing disease in type 2 diabetes. Insulin also predisposes patients to hypoglycemic episodes and therefore increased fall risk. However, other studies have found a decreased fracture risk in diabetics using insulin [33] , perhaps relating to the fact that insulin has an important anabolic effect on bone. Likewise, insulin therapy has been found to be associated with enhanced bone formation [19] and the hyperinsulinemia associated with early type 2 diabetes may even be protective against fracture [33] . Sulfonylurea medications and metformin have been associated with a decrease fracture risk [33] whereas rosiglitazone has been found to be associated with a 2-fold increase in fractures [34] .
Strengths of our study include the use of a national population-based cohort, bone mineral density measurement, using fracture as an outcome, and investigation of novel diabetes-specific fracture risk factors. However, several limitations apply. As a retrospective study, we can only identify associations between events as we do not know if stroke, hypertension, and so forth occurred before or after participants' nontraumatic fracture. Another limitation was our inability to distinguish between type 1 and type 2 diabetes within our population. However, only 9.6% of the diabetic population that was on insulin reported being diagnosed with diabetes at an age of less than 30 years. As such, our diabetic population was presumably made up of mostly type 2 diabetics, an assumption that has been made in other large database studies of diabetic patients [14, 32] . The high BMD and BMI values measured in our diabetic population (Table 1 ) support the assumption of a predominance of type 2 diabetes. All the CaMos questionnaires depended on patient reporting (and therefore are subject to patient recall bias and misunderstanding); therefore the incidence of certain classically underdiagnosed conditions (such as hyperglycemia and hypertension) is likely grossly underestimated. However, bias from undiagnosed diabetes and hypertension would be expected to, if anything, decrease the effect sizes found. Lastly, we were unable to explore diabetic retinopathy, peripheral neuropathy, or peripheral vascular disease as fracture risk factors as data relating to these conditions were not collected as part of the CaMos study.
Conclusions
Amongst this group of Canadians with diabetes, those with rheumatoid arthritis, a family history of osteoporosis, female gender, increased age, decreased BMD, cerebrovascular disease, or hypertension were more likely to have had a nontraumatic fracture. These risk factors may therefore be important to clinicians to identify which of their patients with diabetes are at highest fracture risk and deserve particular attention for preventative action.
